T he incidence of spondylodiscitis in Western countries has been rising over the past several decades. The main reasons for this are demographic changes, extended life expectancy, and improved access to medical services. 2, 5, 11, 19 Moreover, the median age of patients suffering from spondylodiscitis is increasing and it is not surprising that a high number of these patients are harboring a significant number of comorbidities. Infective endocarditis (IE) and coexisting pyogenic spondylodiscitis, mostly treated in internal medicine departments, is described in a few case series. 12, 14, 16 However, the incidence of and risk factors for IE and outcomes in patients admitted with pyogenic spondylodiscitis are still unclear. Depending on the focus of the primary infection, many patients initially present to surgical departments for treatment of the spinal infection focus.
T he incidence of spondylodiscitis in Western countries has been rising over the past several decades. The main reasons for this are demographic changes, extended life expectancy, and improved access to medical services. 2, 5, 11, 19 Moreover, the median age of patients suffering from spondylodiscitis is increasing and it is not surprising that a high number of these patients are harboring a significant number of comorbidities. Infective endocarditis (IE) and coexisting pyogenic spondylodiscitis, mostly treated in internal medicine departments, is described in a few case series. 12, 14, 16 However, the incidence of and risk factors for IE and outcomes in patients admitted with pyogenic spondylodiscitis are still unclear. Depending on the focus of the primary infection, many patients initially present to surgical departments for treatment of the spinal infection focus. 9, 11 IE is a life-threatening disease and is associated with high mortality rates of up to 30%. Therefore, early diagnosis and appropriate therapy is crucial, not only of the spinal infection but also of IE. 6, 7, 10, 13, 21 Referral of patients with IE to intensive care units and/or cardiac surgery departments is a life-saving measure, as has already been presented in prospective studies. 10, 13 The aim of the present study was to highlight the incidence of IE and the risk factors and clinical outcomes in patients with pyogenic spondylodiscitis initially admitted to a university spine surgery unit. We further evaluate the value of routinely performed transesophageal echocardiography (TEE) in the management of patients for the detection of IE. To the best of our knowledge, the routine use of TEE in patients with spondylodiscitis has not been previously reported.
Methods
All patients admitted to the Department of Neurosurgery in Frankfurt with newly developed pyogenic spondylodiscitis were prospectively entered into an institutional database. An analysis was performed for all cases treated for spinal infection between 2007 and 2017.
TEE performed by a senior cardiologist was implemented as a routine diagnostic tool after 2012, so there was a period before implementation of TEE and a period after implementation. In cases of evident IE, patients were introduced to the department of cardiac surgery for evaluation of the need for cardiac surgical procedures. In cases of conservative therapy for IE, patients were monitored by a cardiologist to detect and evaluate the success of antiinfective therapy and cardiac function. This study was approved by the local ethics committee of the authors' institution. Patient consent was obtained.
Statistical Analysis
Comparison of important baseline characteristics and surgical parameters between the study groups was made using Fisher's exact test for categorical variables and Student t-tests for continuous variables; p values < 0.05 (2-tailed) were deemed significant. All analyses were performed using GraphPad statistical software (version 7.0).
Results
During the study period, 255 patients with newly diagnosed pyogenic spondylodiscitis were admitted at our department. Of the 36 patients diagnosed with IE, 27 were males (75%) and the mean age was 70.3 ± 7.4 years. The spinal infection in these patients was located in the cervical spine in 10 patients (27.8%), in the thoracic spine in 5 patients (13.9%), and in the lumbar spine in 21 patients (58.3%). Of the 36 patients with diagnosed IE, in 24 (66.7%) a singlelevel effect of the spine infection was obvious. Baseline characteristics and predisposing conditions are shown in Table 1 . The mean age, sex distribution, location of the infection, number of affected levels, prevalence of diabetes, intravenous drug use (IDU), and alcohol abuse were almost similar between patients with and without IE.
Preexisting comorbidities such as heart failure (OR 3.2, 95% CI 1.2-8.6, p = 0.03), septic condition at admission (OR 3.7, 95% CI 1.7-10.7, p = 0.02), predisposing heart condition (OR 3.2, 95% CI 1.1-9.4, p = 0.04), chronic renal failure (OR 2.7, 95% CI 1.1-6.6, p = 0.04), and terminal renal failure with need for dialysis were observed significantly more often in patients with IE. Of the patients with IE, 9 (25%) had degenerative cardiac valve disease. Of the patients without IE, 6 (8.1%) had native valve disease (degenerative) and 1 patient (1.4%) had a prosthetic aortic valve. Furthermore, no significant differences were observed regarding diabetes, surgical or conservative treatment of the spinal infection, and obesity (Table 1) . TEE- related complications, such as injuries of the gastrointestinal tract or bleeding, did not appear in our investigated patient population.
Comparison between the vertebral spondylodiscitis groups with and without IE revealed that the presence of a spinal epidural abscess was more commonly observed in patients with IE. The rate of disease-related 30-day mortality was significantly higher in patients with IE (22.2% vs 2.7%, p = 0.002).
Microbiology and Laboratory Data
Detailed microbiological data are shown in Table 2 . Microbiological detection of the infective-causing pathogens was achieved in 73% of all cases. No significant difference was observed in the rate of pathogen identification between groups (OR 0.5, 95% CI 0.2-1.4, p = 0.2). Gram-positive pathogens considered to be causative for spondylodiscitis were isolated in 82% of all cases, more specifically in 39 of 46 patients (84.8%) without IE and in 18 of 24 patients (75%) with IE (OR 0.5, 95% CI 0.2-1.8, p = 0.3). Staphylococcus aureus was the most commonly isolated microorganism (56.3% vs 37.5%, OR 0.5, 95% CI 0.2-1.4, p = 0.2).
Blood culture tests were positive in 43 patients (44.8%), including all patients with IE (20/29, 69%) and without IE (23/67, 34.3%) (OR 4.3, 95% CI 1.7-10.8, p = 0.002). White blood cells (WBCs) and C-reactive protein (CRP) values at admission did not reveal a significant difference between the two groups.
Clinical Relevance and Therapeutic Implication
Thirteen (36%) of 36 patients revealed severe valve destruction caused by IE and a subsequent cardiac surgery was recommended in these patients (Fig. 2) . Twenty-three patients (64%) were treated conservatively. In patients with a recommendation for cardiac surgery the mitral valve was affected in 9 cases and the aortic valve in 4 cases (Fig. 3) . All patients revealed insufficient cardiac function due to severe valve destruction. In 9 patients (69.2%) the recommended cardiac surgical procedure could be performed; 4 (30.8%) of these 13 patients died due to progressive cardiac failure before undergoing cardiac surgery.
Diagnostic Value
In this study 36 patients with coexisting IE were identified from 110 patients undergoing TEE. Three TEEs were necessary to identify 1 patient with IE, thus harboring a potential risk for valve destruction and cardiac failure. Moreover, by routinely using TEE, 8 TEEs were necessary to identify 1 patient with further need for cardiac surgical intervention (Fig. 2) . 
FIG. 3. TEE (ultrasound) demonstrates vegetation (crosshairs) on the valve as a sign of IE.

Discussion
The early diagnosis of IE is crucial for the initiation of the appropriate antibiotic therapy and to identify patients who may benefit from extended cardiac function monitoring and early surgical intervention. Pyogenic spondylodiscitis remains a severe disease associated with high morbidity (Fig. 4) . Within this study, we addressed the value of TEE in identifying IE in patients with pyogenic spondylodiscitis. To the best of our knowledge the routine use of TEE in the diagnostic workup of patients with spondylodiscitis has thus far not been described.
Coexisting pyogenic spondylodiscitis among patients with IE has already been reported from cardiologists. 15, 16, 18, 20 But routine TEE workup for the detection of IE among patients with spondylodiscitis who present to a surgical department has not been described until now. Because the incidence of pyogenic spondylodiscitis is rising, many spine surgeons undertake measures to improve the clinical outcome of patients with pyogenic spondylodiscitis. Focusing on the treatment of the spinal infection while neglecting coexisting IE may result in poor patient outcomes despite enormous efforts.
The implication of the routine uses of TEE in our investigated patient population resulted in a detection rate of IE of almost 33%, which means that 3 TEEs were needed to detect 1 patient with IE. To avoid any selection bias, all patients admitted with the diagnosis of spondylodiscitis underwent TEE.
Whether the pyogenic spinal infection was the reason for IE or vice versa was not resolved within this analysis. Next to TEE, blood cultures may be considered indicative for bacteremia associated with IE. 4, 8 In our patient cohort, 67% of patients with the diagnosis of IE revealed a positive blood culture, which would leave 33% undiagnosed.
It might be tempting to speculate that without the use of TEE, these patients might not have received treatment for IE and ultimately shown poor outcome.
Specific risk factors for coexisting IE such as cardiac comorbidities, renal failure, dialysis, and septic condition at admission were identified in our investigated patient population. If not routinely performed in patients with newly developed pyogenic spondylodiscitis, TEE may at least be performed in all patients with the abovementioned risk factors as a consequence to the data presented within this study. Analyzing further risk factors such as diabetes, IDU, and obesity, we found no statistically significant difference in patients with and without IE. In contrast, diabetes and obesity were more often found in patients not harboring IE. But further research in a larger patient population could evaluate the effect of diabetes, immune compromise, and immunomodulatory drugs on the incidence of IE and spinal infection.
The microbiological analysis revealed a high incidence of IE in patients with pyogenic spondylodiscitis caused by Staphylococcus or Streptococcus species. These findings are consistent with those in the literature, i.e., both pathogens are described to be among the most common pathogens associated with pyogenic spondylodiscitis. Moreover, both pathogens are commonly observed in patients with IE. 4, 8, 12 TEE is invasive, costly, and requires technical and medical resources.
1,3 But we emphasize the effectiveness of TEE and recommend including the routine use of TEE in the standard diagnostic workup in patients with spinal infection. In contrast to transthoracic echocardiography with a sensitivity of 32% and specificity of 100% for detecting IE, the addition of TEE increases the sensitivity to 100%, whereas the specificity remains almost unchanged.
3
In 36% of the patients diagnosed with IE, subsequent cardiac surgical intervention was necessary in the course of the disease. Recent studies suggest that early surgical intervention in IE is associated with decreased adverse events, including embolic events and mortality, thus further highlighting the need for diagnosing/ruling out IE in patients with IE. 7, 10 In many cases cardiac surgery was recommended prior to spine surgery. In these patients, a severe valve destruction with cardiac failure was detected and referral to the intensive care unit was recommended before performing cardiac surgery to avoid any complications resulting from severe cardiac failure. If IE would not have been detected in these patients and spine surgery in the prone position for several hours was performed before stabilizing the cardiac situation, it remains speculative how successful the result of the surgery would be in this patient population. Therefore, we postulate that an appropriate and early assessment of the cardiac function in patients with spondylodiscitis is of interest not only for cardiologists and cardiac surgeons, but also for anesthesiologists and spine surgeons to ensure a good outcome. These results are of special interest because IE in the general patient population displays a high mortality rate. genic spondylodiscitis. The routine implementation of TEE for the detection of IE in these patients was very effective and should be recommended, not only when suspected, but rather as part of routine assessment of comorbidities in patients with newly diagnosed spondylodiscitis. As a consequence, patients with otherwise undetected IE may receive adequate treatment, ultimately resulting in better outcomes.
